Wave-length measurements in the first spectra of neon, argon, and krypton have been made, using Fabry-Perot interferometers with aluminized quartz plates and etalons of 3, 7.5, 8, 8.4, 15, 20, and 25 mm length. The wave lengths have been determined relative to the adopted International Wave-Length Standards in lCr I. All but three of the 30 possible Is-3p lines of Ne I are intense enough to permit interference measurements. This group lies between 3754 and 3370 A.
The spectra of the noble gases, particularly neon and krypton, have found considerable application as sources of wave-length stand-19 levels thEly may be more susceptible to pressure effect than lines in the less refrangible part of the spectrum.
In 1936, Jackson [5] reported determinations relative to the cadmium primary standard of 47 visible and ultraviolet krypton lines between 6456 and 3424 A, including 14 of the ultraviolet lines measured in this investigation. He compared results from tubes filled to pressures of 0.1, 4, 10, and 20 mm of mercury. His results indicated pressure displacement proportional to the square of the pressure for any given term. The pressure shift was also found to be dependent only on the principal quantum number of the terms, within experimental error. It was concluded that the maximum operating pressures for the various krypton series, without introducing pressure shifts sufficient to affect interferometer comparisons by 0.0001 A, were as follows: for Is-2p, 10 mm; for ls-3p, 4 mm; and for ls-4p, less than 1 mm. The ls-3p lines of neon which were observed in this investigation are analogous in origin to the blue krypton group, 4502 to 4273 A, comprising most of the adopted krypton secondary standards. One would expect the pressure effect to be of about the same magnitude for the corresponding transitions. It seems certain that no difficulty with pressure effect will be experienced if an operating pressure of the order of 1 mm is specified. The matter will be referred to again in connection with the account of our experimental work.
The effect of isotopic hyperfine structure on the wave-length measurements in neon has been the subject of considerable discussion, and it is felt that it can be treated in some detail here. The two abundant isotopes of neon are of atomic weight 20 and 22, in proportions of about 9 to 1. In the observed spectrum each neon line should have a close satellite due to isotope 22 . Unless, however, the source is cooled by use of liquid air, this pattern is usually not resolved and the measured wave length will be that of the blend. The most probable comparator setting would be on the centroid of the pattern. Ritschl and Schober [6] have recently measured the isotope separation for all the strong neon lines, permitting a calculation of the displacements of a large number of terms.
Most of the ls-2p lines have a separation of about 55X 10-3 cm-I , whereas in the case of the ls-3p lines, it is generally abol!lt 85 X 10-3 cm-I ; the difference being due to the smaller displacement of higher p terms. It is apparent, therefore, that measurements of I s-3p lines will be affected by isotope displacements to a slightly greater degree than those of I s-2p lines. When interference patterns are measured, the effect of an unresolved satellite upon the apparent wave length depends upon the order of interference. The. experience of various observers was discussed at the 1935 meeting of the IAU [7] , and, in adopting the recommended standards in neon, it was agreed to specify "that they apply only to the conditions under which they were determined, viz., with interferometers of high resolving power but etalons not exceeding about 4 cm."
The following discussion based on the geometry of an interference pattern from a Fabry-Perot interferometer is intend"ed~to account for the observed results, in particular why a separation of 4 cm is some-what critical for the neon case. The order of interference is given by 2e P=-y:cos fJ, [8] where e is the separation (length of etalon) and fJ is the angular separation of the fringe corresponding to P from the optical axis. The dispersion is given by the partial derivative
Inasmuch as the ratio P/2e is constant, it follows that for a given (J the separation of a satellite from a principal component will be constant. The angular separation of orders will, however, differ with retardation, and while a satellite will maintain its separation from the principal component of the same order, it will change its position with respect to the principal component of next higher or lower order. Figure 1 illustrates the interference pattern of a neon line for three different retardations. The faint line due to N e 22 is always of shorter wave length than the heavy line due to N e 20. It is first assumed that the pattern is resolved completely. Case a represents the pattern for a small separation. Case b shows the situation when the satellite is just midway between the principal components of successive orders. In case c, with increasing separation, the satellite YI, although of the Eame order as Xl, is actually nearer to X2. Suppose that the patterns are not resolved. For case a, the settings will fall outside the principal component, giving a result slightly smaller than if the setting were on the heavy fringe. For case b, the settings will be on the heavy components, so that the wave lengths will be those of Ne 20.
For case c, the settings will be inside and the apparent wave lengths will be greater. Another possibility is the superposition of the light and heavy fringes which will occur for twice the separation corresponding to case b. This will give the same result as for b.
We see then, that there will be a cycle of increasing and diminishing apparent wave lengths. We are hardly interested in more than one phase of it, however, for that will represent the maximum path over which neon interferences can occur. Case b will occur for the majority of the ls-2p lines with an etalon of lJ, little less than 5 cm. If we choose one of the ls-3p lines, the critical value will be slightly less than 3 cm. This discussion agrees with the experience of observers that the neon red lines have apparent wave lengths somewhat smaller, if determined with etalons of less than 4 cm length, than if greater retardations are employed. Inasmuch as we have employed etalons of 2.5 cm or less in the present investigation, the results should be on the same scale as the adopted secondary standards in neon.
III. EXPERIMENTS
The interferometer consisted of the same pair of crystal quartz plates, coated with evaporated aluminum, which were used in the recent determination of wave lengths of iron in the ultraviolet region. The coated surfaces of these plates were separated by etalons each made of three invar rods of 3, 7.5, 8, 8.4, 15, 20 , or 25 mm length. All of these etalons were used only in the observations of neon.
A Littrow-type quartz spectrograph (Hilger El) was employed for most of the exposures, although a few exposures were made in a Cornu prism spectrograph (Hilger E2). Two Zeiss quartz-fluorite objectives were available for projecting the interference pattern upon the slit of the spectrograph, one of 25 cm, the other of 50-cm focal length, the choice being determined by the length of etalon. The 25-cm projector was used in a few instances with the 7.5-mm etalon and in all cases with the 3-mm etalon. The interferometer was illuminated with parallel light by means of a quartz lens. Care was taken to line np the mterferometer and all optical accessories coincident with the axis of the spectrograph. The interferometer was also placed at such a distance from the ring projector as to be focused upon the prism of the spectrograph.
All wave-length determinations here reported are relative to the krypton secondary standards in the wave-length interval between 4502 and 4274 A [1] . Krypton was chosen because of the superior sharpness of the standard lines and because the location of these lines at the lower wave-length end of the visible region simplifies comparisons with lines in the same region and in the nearby ultraviolet, and minimizes errors due to the necessity of focusing a spectrograph for widely separated regions. In making measurements in the krypton spectrum relative to krypton standards only one source is needed, affording the obvious advantage of identical conditions of illumination for all lines. The same a.dvantage might be claimed for compa.ring neon ultraviolet lines with neon standards, but the intensity disparity is so great that it is practically impossible to record the first without overexposing the latter. Krypton standards seemed the obvious choice for the argon comparisons, because the blue and violet argon lines lie in the same region as the krypton standards, so that atmospheric and phase corrections are negligible over a considerable wavelength interval. It was also felt that inasmuch as previous determina-tions had been made relative to cadmium or neon, it was advantageous to make independent comparisons with krypton.
The krypton sources were Geissler tubes purchased from Robert G6tze, in Leipzig. These tubes are listed in the maker's catalog as type D. They have a small capillary bore, about 1.5 mm, cylindrical aluminum electrodes, and are designed for either end-on or side-on illumination. The pressures are not specified for the krypton-filled tubes, but in these experiments the discharge characteristics indicated 1 mm or less. The krypton tubes were always used in the side-on position.
Several different neon tubes were used, and part of these were of the same manufacture and type as the krypton tubes. Others were of similar design but of larger capillary bore, made by the Linde Air Products Co. Still another, filled with gas at a pressure of several millimeters, was used in a series of observations to see whether pressure displacements could be measured. No systematic variations were found in the results to indicate that wave lengths obtained from different tubes were not identical within the limits of accidental error.
Both Linde and G6tze argon tubes were used. The exhaustion of our supply of "low" pressure Gotze tubes early in the investigation proved something of a handicap, because the illumination from the Linde tubes was of low intensity. Gotze tubes filled to a pressure of 20 mm of Hg did not prove satisfactory, because there was very noticeable line broadening and some evidence of pressure displacement. It is not felt that the present investigation warrants any conclusions regarding pressure effect, except that it is a negligible factor if the pressures within the sources are of the order of 1 mm of Hg.
The pressure in a tube filled with a noble gas diminishes during operation due to the occlusion of gas by material sputtered from the electrodes. This is the usual cause of eventual tube failure. This lowering of pressure during use makes an accurate quantitative estimate of pressure in a sealed tube practically impossible. We have already referred to the work of Jackson [5] on the pressure effect of krypton. Further quantitative measurements are desirable in view of theoretical studies which are being made [9] . In any such investigation the sources should be connected to pressure gages, permitting simultaneous accurate determinations of both wave lengths and pressures.
Because of the difference in intensities of the various lines, a very large range in exposure times was n~cessary to record satisfactory :patterns. These ranged from a few mmutes for the strongest neon hnes to 16 hours for the weakest krypton lines. Patterns of krypton and neon photographed with a 3-mm etalon are reproduced in figure 2. With this interference path, the fringes of close neon pairs at 3593, 3418, and 3370 A are fully sep~arated.
In the work with neon or argon where two sources are required, simultaneous exposures were made in most instances. This procedure necessitates such a disposition of both sources that each illuminates the apparatus in a manner optically equivalent. The usual scheme 
-Fabry-Perot interference patterns of (a) neon photographed simultaneously with krypton and (b) krypton (3-mm etalon ).
is to place an inclined transparent plane mirror (a quartz plate in these experiments) between the first source and condensing lens, and reflect light from the second source into the path of the direct beam by aid of this mirror. The choice of sources for the two positions will depend on the relative intensities of the lines to be compared. A second scheme, feasible only if one of the tubes is of large capillary bore, is to place this tube in the correct position for best illumination of the interferometer. Behind the source and in line with the other units in the setup is placed a concave mirror at a distance about equal to its radius of curvature and slightly inclined to the axis. The second source is placed at the conjugate focus of this mirror and its image is brought into coincidence with the first source. In the smaller number of instances where exposures were alternated, the alternations were made frequently and the total exposure time was short, so that on the average the atmospheric conditions during the exposure of each tube could be regarded as equivalent. The procedure of measuring, reducing, correcting, and adjusting the observations to arrive at the final reported wave-length values was carried out in accordance with methods which have been described fully in other publications. The theory of the Fabry-Perot interferometer given originally by Fabry and Buisson [10] was discussed in some detail in an earlier paper by the author [8] . The interference patterns were measured with the micrometer designed for this purpose, which is illustrated in t he recent publication on interference measurements in the iron spectrum [11] . This paper also gives the details of the method of reducing observations which is followed at present. As far as possible, the same over-all size of interference pattern was measured for both primary and secondary standards. This could be accomplished conveniently by measuring the diamet, ers of five rings in the ultraviolet and four in the region of the krypton standards. The correct order numbers for the standard lines and the length of the interference path were obtained by the method illustrated for neon by Meggers [12] .
The corrections for deviations of atmospheric density from standard conditions (dry air at 15° C and 760 mm of H g) derived from observations of the mean air temperature and barometric pressure for each exposure, were taken from tables prepared for this purpose by Meggers and Peters [13] .
The corrections for dispersion of phase change at reflection were obtained by comparison of the data from 25-and 3-mm etalons, 20-and 3-mm etalons, and 7.5-and 3-mm etalons [12] . These corrections were positive below 3950 A and increased in magnitude to a maximum near 3400, amounting to about 0.001 A for the 7.5 etalon in this region. This behavior of the plates, a little surprising in view of the negative correct.ion in the region between 3500 and 2000 A found when iron wave lengths were determined relative to neon, indicates that the correction curve has a minimum near 4000 A and a maximum near 3400 A.
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The final results of the determinations of wave length in the first spectra of neon, argon, and krypton are presented in tables 1, 3, and 5. The values were arrived at by taking a weighted mean of the averages of the corrected values obtained with the various etaJons . The weights were based on the number of observations and the length of interference path, except in cases of pairs of lines most clearly resolved by certain etalons, in which cases the weights were chosen arbitrarily. The total number of observations is reported with each wave length.
Construction of arrays of term combinations, as displayed in tables 2, 4, and 6, shows that term differences are repeated to within oneor two-thousandths of a wave number in the great majority of cases. The retention of eight figures in the reported wave-length values is amply justified in all but a few cases. Calculation of the probable error of the weighted mean gave an average probable error of about 1 in the eighth place and gave a little under 3 for the neon wave length regarded as being least reliably determined. These probable errors are not reported because it is questioned if the variation in observed values, after all corrections are applied, conforms closely enough to the theory of accidental errors. For instance, it frequently happens that individual values obtained with the same etalon agree more closely than the averages from different etalons for the same line, indicating a dependence of apparent wave length upon order. Hyperfine structure or the presence of a nearby line, which mayor may not be observed, can account for this, but the theory of errors is hardly applicable to such cases.
NEON
The adopted secondary standards of neon include most of the Is-2p quantum transitions. This investigation is concerned with the next set of series members Is-3p. The visible blue and violet krypton, and the blue and violet argon lines originate in analogous transitions from corresponding levels in the respective atoms. The theory predicts 30 such transitions. One of these, Isa-3p7, has never been observed. Of the 29 remaining, 27 have been observed by interference methods in the present investigation. All of these are shown in table 1. A maximum of 40 exposures were recorded for some of the neon lines. This number, somewhat greater than required to arrive at satisfactory final values, was accumulated because the correction curve for dispersion of phase change at reflection showed a somewhat unexpected form in the region under investigation and an unusually large number of observations were needed to fix it precisely. Additional observations with critical lengths of interference path were also occasioned by the attempt to separate close pairs of lines. The 8.4-mm etalon was made available through the kindness of the staff of the Allegheny Observatory. Its length is very nearly one of the calculated separations required to give the optimum resolution of the close pairs of lines involving the 3p2 and 3p4 levels, which are only 0.88 cm-1 apart. The complete array of term combinations, l s-2p and ls-3p, have been assembled in t able 2. Except for 29615.450 em-I, which is the faintest of the group, and 29666.784 cm-I which is difficult to measure on account of proximity to 29665.909 em-I, the relative accuracy of the ls-3p group is fully equal to that shown in the ls-2p array, which includes all the adopted neon secondary standards. The remaining eight-figure wave numbers of visible and infrared lines appearing in table 2 are averages of the determinations relative to cadmium and neon reported by Meggers and Humphreys in 1934 [2] . A few sevenfigure values required to complete the table are quoted fr'om Paschen [4] . Only interferometer determinations are considered in estimating term values or relative accuracy. The t erm values shown in t able 2 are revised to give the best agreement with all the experi.mental material. The difference, calculated minus observed wave number, is recorded beneath the last figure of each wave number value, considered in adopting t erm values. The average deviation of calculated term combinations from the observed wave numbers is 1 part in 20,000,000. Calculated values of wave numbers of lines too faint to be observed by interferometers are shown in parenthesis beneath values resulting from measurements of grating spectrograms. The suitability of argon lines as standards, on account of extreme homogeneity and freedom from structure, was recognized at the 1935 meeting of the IAU. The repetition and extension of measurements were recommended. The results given in table 3 include determinations relative to krypton of 40 lines over the range from 4702 to 3319 A. Etalons of 15, 20, and 25 mm length were used in the comparisons. The sources used did not give very intense spectra, so that a number of ultraviolet lines remain, which could be observed by interference methods if sufficiently bright sources were employed. The earlier measurements of Meggers and Humphreys [2] and of Meggers [16] are included in table 3 for comparison insofar as they are within the wave-length range covered by this investigation. The agreement with Meggers' seven-figure values, published in 1921, is somewhat closer than with the 1934 results of Meggers and Humphreys. The latter are systematically lower, the difference being a little over 0.001 A for most lines. While we are certain that the relative accuracy of the 1934 values is at least as good as that of tho results here reported, it still seems most probable that the systematic error is in the measurements of 1934. TAlILE 
3.-Argon I interference measurements
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Jlvac em-I standard of obser· phreys [2] phreys [2] [ The argon lines lie in the same wave-length region as the blue and violet krypton st andards, eliminating the possibility of an error in the new measurements due to the spectrograph not being focused exactly alike for both sources, or an error due to incorrect estimate of the correction for dispersion of phase change at reflection. An error of the kind first mentioned is possible when a prism spectrograph is being used and comparisons are being made, relative to standards in the red region, of lines in the blue or ultraviolet. The reason is that the patterns due to the standard lines appear at one end of the plate where the focusing is less satisfactory than at the center. The plate curvature in such a spectrograph gives only a fair approximation to the true focal surface. The difficulty is somewhat increased by the fact that the spectrograph is slightly astigmatic, and it is necessary to choose the most satisfactory compromise between the best adj ustments for vertical and horizontal images, this compromise to be the same, if possible, for all spectral regions. The array of argon term combinations shown in table 4 follows the same plan as the corresponding array for neon with the addition of a few ls-4p transitions for which wave numbers determined by interference measurements are available. All eight figures wave numbers in the ls-3p and ls-4p arrays are from the results of this investigation. The ls-2p array is assembled from the interference measurements by Meggers and Humphreys [2] . The values used are the averages of the determinations relative to cadmium and those relative to neon. The few seven-place wave numbers required to complete the array are Meissner's [14] . The term values are adjusted from the interference determinations. The relative accuracy of the measurements, which can be judged from the agreement of the observed with calculated wave numbers, and the constancy of repeated term differences is of the same order as that shown by the neon array.
The possibility of making interference measurements of ultraviolet krypton lines became apparent when a number of them appeared among the ls-3p neon lines which were being determined relative to krypton. By rather long exposures, it was possible to obtain measurable patterns for 30 ultraviolet lines. Measurements were made on several fourth members of Is-np-type series, permitting the evaluation of all but one of the 5p terms by interference measurements.
Several combinations of f type terms were observed. Two lines, 3837 .8162 and 3503.8981 A, were shown by more precise measurements to be first and second members of a new series, Iss-nT, and not Is5-nY, as at present classified [15] . The T series of terms have .i-value, 3 , and combine only with 85' A new line, 3837.7028 A, was 18vealed as a close companion to 3837.8162 A and is properlv classified as lSs-4Y. Interference measurements were made of seven lines not included in the list of secondary standards but lying in the same region. Etalons of 3, 7.5, 20 , and 25 mm length were used in the wave-length \ comparisons, the results of which are assembled in table 5, together with the results of previous measurements in the same wave-length interval. Jackson's [5] observations in the ultraviolet were made using a krypton tube filled to 4-mm pressure, whereas ours were with pressures of 1 mm or less. The small but systematic difference between the two sets of values for the ls-4p transitions is in essential agreement with Jackson's estimated pressure shifts. No attempt is made to explain the disagreement of Jackson's wave lengths of the lines 3431.7217 and 3424.9433 A with ours. Only the second value can be checked from the term array, but our value of the wave number 29189.224 cm-1 gives a fair fit, whereas Jackson's is outside the range of accidental error. Previous National Bureau of Standards' measurements of the visible lines included in the data were all from relatively faint patterns. The standards, and consequently the fainter lines, were not so heavily exposed as is necessary when making comparisons with ultraviolet lines. The agreement is, therefore, considered satisfactory. The disagreement of the 1930 [8] value for 4812 A was owing to an incorrect choice of order in the single available determination. A recheck of the original determination shows that it should have given 4812.636 A.
Construction of the array of l s-np term combinations in krypton, leads to a somewhat more extensive table than is the case with neon or argon, if all wave numbers determined by interference measurements are included. This is attributable to the appearance of higher series members in the more accessible part of the ultraviolet region. Such an army is shown in table 6. The wave numbers there assembled include all results of this investigation, all krypton secondary standards [1] which are represented by transitions of l s-np type, and the 1934 interference measurements by Meggers and Humphreys [2J of lines not included in the first two groups. The third group, consistin~ mostly of infrared, had been determined relative both to cadmmm and neon. An average was adopted for use in this array. A considerable number of l s-np transitions give lines too faint for interference measurements. For the sake of completeness, these are included in the table, the values being given by the latest National Bureau of Standards grating observations [15] . As in the previous cases, the term values have been adjusted to give the best conformity to the entire set of interference observations. The relative accuracy of the ultraviolet determinations compares favombly either with that of the secondary standards or the group of infrared lines.
Calculated values of wave numbers in the inaccessible infrared region are shown in parentheses.
Attention is called to a similar array published in 1930 [8] using the measurements then available, but not including ultmviolet data. It will be seen that the changes due to repeated measurements of increased precision are practically negligible. 
